1. Introduction {#s0005}
===============

Opsoclonus-ataxia syndrome is a rare clinical entity characterized by involuntary multidirectional ocular saccades and a loss of voluntary coordination ([@b0005]). Behavioral disturbances may also be seen. Because the syndrome presents with a spectrum of symptoms that may include involuntary muscle movements, the terms opsoclonus-myoclonus syndrome and opsoclonus-myoclonus-ataxia syndrome may be used interchangeably with opsoclonus-ataxia syndrome. This report describes a case of opsoclonus-ataxia syndrome and mature ovarian teratoma in an adolescent.

2. Case description {#s0010}
===================

A 16-year-old nulliparous female presented to the emergency department with the complaint of acute dizziness for six days. Two weeks prior to presentation, she developed nasal pruritis and congestion for which she was prescribed azithromycin for presumed sinusitis. Her medical history was notable for focal seizure-like episodes with a normal electroencephalogram. Such episodes resolved by age 8, and she was not taking any medications. She was not sexually active and had never had a gynecologic exam. She was admitted and treated with meclizine and intravenous fluids with minimal effect. A brain MRI was performed which was consistent with sinusitis alone. Her dizziness worsened, and she was transferred to a tertiary level care center.

Upon transfer, the patient reported vertigo, shakiness, double vision, nausea, gait instability, and frequent panic attacks. Neurology, ophthalmology, and psychiatry consultations were obtained. Social work and physical therapy were involved as well. Physical exam was notable for abnormal repetitive rapid eye movements, occasional tremulous movements, and inability to ambulate due to gait instability. She had full strength, normal sensation, normal reflexes, and no dysmetria. A repeat MRI of the brain was within normal limits without sinusitis. The differential diagnosis for her symptoms at this time included metabolic, infectious, postinfectious, autoimmune, and paraneoplastic etiologies.

On hospital day 4 following transfer, a lumbar puncture was performed which demonstrated a lymphocytic pleocytosis (485 cells/µL; 94% lymphocytes), elevated protein (74.3 mg/dL), and normal glucose (54 mg/dL). The infectious disease service was consulted, and infectious work up was otherwise negative. An antibody panel (NMDAR, VGKC-complex, LGI1-IgG, CASPR1-IgG, GAD65, GABA-B-R, AMPA-R, amphiphysin, CRMP-5, anti-glial nuclear type 1, neuronal nuclear types 1--3, and Purkinje cell cytoplasmic types 1, 2, and Tr) was ultimately negative, though results were not available until time of discharge. She underwent an MRI of the chest, abdomen, and pelvis with and without contrast to evaluate for malignancy. MRI demonstrated a 5 × 5.3 × 4.1 cm heterogeneously enhancing pelvic lesion with solid and cystic components consistent with a right-sided ovarian teratoma ([Fig. 1](#f0005){ref-type="fig"}). Prior to MRI, her most recent pelvic imaging was three years earlier and demonstrated normal-appearing bilateral ovaries. Her clinical status worsened, and she developed tongue deviation and dysmetria on finger-nose-finger testing. She was started on high dose methylprednisolone for 5 days and intravenous immunoglobulin 1 g/kg daily for 2 days.Fig. 1Representative image of teratoma on MRI; transverse T1 series with contrast.

Due to the MRI finding of ovarian teratoma and concern for paraneoplastic syndrome, the gynecologic oncology service was consulted. On hospital day 6, she underwent a surgically uncomplicated exploratory laparoscopy, right salpingo-oophorectomy, and removal of the mass through a trocar site using a specimen retrieval bag. Survey of the abdomen and pelvis was notable only for enlarged right ovary. Pathology confirmed a 5 cm mature cystic teratoma that contained a substantial amount of disorganized neural elements associated with intense chronic inflammatory infiltrate. Pelvic washings were negative.

Perioperatively, the patient experienced new onset hypertension and intense pruritis. Pediatric nephrology consultation was obtained, and the etiology of her hypertension was felt to be due to anxiety, postoperative pain, steroids, and intravenous immunoglobulin. Her neurologic exam was notable for the development of clonus and dysphasia with unilateral vocal cord paralysis.

By hospital day 9, her symptoms were improving albeit present. She was initiated on a 6-week prednisone taper. By hospital day 14, her symptoms were thought to have plateaued, and rituximab was initiated. She was started on fluoxetine for anxiety. After 19 days of hospitalization, the patient was discharged to an acute rehabilitation facility. At the time of discharge her physical exam was notable for prominent nystagmus, intermittent tremor, mild dysmetria, and mild hyperreflexia. She required 2-person assistance to ambulate.

Two weeks following discharge she was seen in the outpatient setting and was noted to have persistent symptoms. She ambulated with a walker and continued intensive rehabilitation therapy. She received intravenous immunoglobulin for a total of three months and continued rituximab therapy. Six months after her hospitalization, the patient returned to school with a modified schedule. At that point, she was walking independently and had little to no dysmetria and infrequent nystagmus. She continued to take fluoxetine for depression and anxiety.

Seven months following discharge, the patient presented to the emergency department with complaints of worsening involuntary eye movement, ataxic gait, daily headache, expressive aphasia, right-sided facial numbness, and labile mood. Neurology and ophthalmology consultations were obtained. Physical exam was notable for subtle dysarthria, mild tremor, and difficulty with tandem gait. MRI/MRA of the brain was within normal limits. Due to concern for teratoma recurrence, a pelvic ultrasound was obtained and found to be equivocal. Repeat MRI of the chest, abdomen, and pelvis were without evidence of tumor. Cerebrospinal fluid studies demonstrated slightly elevated nucleated cells (14 cells/µL) but were otherwise within normal limits, including the antibody screen. She underwent a 5-day steroid pulse with improvement in symptoms. She was discharged on hospital day 11. Nine months after her initial hospitalization, the patient is doing well with return of baseline function.

3. Discussion {#s0015}
=============

Opsoclonus-ataxia syndrome classically affects children between the ages of 1--4 years old, though cases have been identified in children of all ages and adults ([@b0005]). Nearly half of childhood cases of opsoclonus-ataxia syndrome are associated with occult neuroblastoma; however, parainfectious, idiopathic, and other paraneoplastic cases have also been identified ([@b0005], [@b0010]). In adults, there is an underlying malignancy in approximately 40% of cases, the most common being small cell lung cancer ([@b0015]). The precise pathophysiology of the syndrome is incompletely understood but is thought to be an immune-mediated encephalopathy. While anti-Ri (anti-neuronal nuclear autoantibody type 2 \[ANNA-2\]) antibodies have been associated opsoclonus-ataxia syndrome in adults with breast cancer, no specific antibody target has been consistently identified in opsoclonus-ataxia syndrome ([@b0015]).

Aggressive multimodal treatment with tumor resection and immunomodulatory agents is the standard of care ([@b0005]). High dose corticosteroids and intravenous immunoglobulin are first line agents, and other immunosuppressive agents such as rituximab and cyclophosphamide may be added based on symptom severity and response to treatment. Despite treatment, approximately half of children affected by opsoclonus-ataxia syndrome have residual neurologic deficits ([@b0020], [@b0025], [@b0030]). Prompt diagnosis and treatment may improve long-term prognosis ([@b0005]).

Ovarian teratomas are the most common germ cell tumor in adults and the most common ovarian tumor in pediatric patients. While mature teratomas are benign, they have been implicated in a number of paraneoplastic syndromes, including the well-characterized anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis. Mature teratomas have also been associated with opsoclonus-ataxia syndrome in both children and adults, and one immature teratoma has been associated with opsoclonus-ataxia syndrome in an adult ([@b0015], [@b0035], [@b0040], [@b0045], [@b0050]).

We identified three reported cases of teratoma-associated opsoclonus-ataxia syndrome in pediatric patients ([Table 1](#t0005){ref-type="table"}). None of the patients reported gynecologic complaints suggestive of a pelvic mass. All patients had inflammatory cerebrospinal fluid, negative antibody screen, and normal brain MRI. Two patients ultimately had an oophorectomy for management of the teratoma, while one did well with cystectomy alone. Similar to the current case, the patients experienced a decreased symptom burden within a week following surgical management. All of the patients received immunosuppressive therapy, and none had an unexplained relapse such as in our patient's case.Table 1Characteristics current case and three pediatric patients with teratoma-associated opsoclonus-ataxia syndrome.Current CaseFitzpatrick et al. ([@b0035]) ([@b0035])Kanno et al. ([@b0040]) ([@b0040])Park et al. ([@b0045]) ([@b0045])**Age**16151616**Opsoclonus**Presentpresentpresentpresent**Myoclonus**Absentpresentpresentpresent**Ataxia**Presentpresentpresentpresent**Presenting symptom(s)**vertigo, shakiness, unsteady gaitnausea, vomiting, anorexia, unsteadinessvertigo, nauseaheadache, expressive aphasia, nausea**Additional symptoms**psychiatric disturbances (labile mood, panic attacks), nausea, hyperreflexiadrowsiness, blurred visionhyperreflexia, Glasgow coma scale E3V5M6--**Preceding illness**acute sinusitisupper respiratory tract infectionfever and diarrheanone**MRI brain**Normalnormalnormalnormal**CSF cells**lymphocytic pleocytosis (485 cells/µL; 94% lymphocytes)lymphocytic pleocytosis (37 cells/ µL)lymphocytic pleocytosis (38 cells/µL; 97% lymphocytes)moderate leukocytosis (unspecified)**CSF protein**elevated (74.3 mg/dL)elevated (64 mg/dL)normalnormal**CSF antibodies**none identifiednone identifiednone identifiednone identified**Teratoma identified by**MRICTCTMRI**Teratoma size**5 cm7 cm4 cm2.8 cm**Surgical intervention**laparoscopic unilateral salpingo-oophorectomyunilateral salpingo-oophorectomy (approach not specified)laparoscopic cystectomylaparoscopic ovarian-sparing partial oophorectomy followed by laparoscopic ipsilateral oophorectomy**Neural tissue present in teratoma**Yesnot specifiedyesyes**Peritoneal washings**Negative--negative--**Immunosuppressive therapy during admission**high dose steroids, intravenous immunoglobulin, rituximabhigh dose steroids, intravenous immunoglobulinhigh-dose steroids, intravenous immunoglobulinhigh dose steroids**Immunosuppressive therapy continued at discharge**Yesnoyesno**Relapse**yes, symptom recurrence at 7 months without evidence of recurrent teratoma on MRInonoyes, teratoma and symptom recurrence at 4 weeks**Follow-up time**9 months6 weeks1 year18 weeks**Return to baseline function by last follow-up**yesno, though improvedyesyes

We acknowledge uncertainty regarding whether our patient's opsoclonus-ataxia syndrome was definitively paraneoplastic, particularly in light of symptom relapse without teratoma recurrence. Our patient had an infectious illness preceding her presentation, as did two of the three patients previously reported. The possibility exists that opsoclonus-ataxia syndrome was parainfectious in nature with an incidental finding of teratoma. Alternatively, both clinical factors together could potentially result in an aberrant immune or inflammatory response causing opsoclonus-ataxia syndrome. While the patient's symptoms began improving after teratoma resection, the surgery was concurrent with initiation of medical therapy. Thus, it is not clear if the teratoma resection or medical therapy led to clinical improvement, or if either approach alone would have been sufficient. Without the ability to unambiguously attribute the syndrome to a non-paraneoplastic etiology, failure to address a paraneoplastic etiology with teratoma resection would be inappropriate.

Opsoclonus-ataxia syndrome in a pediatric patient with mature ovarian teratoma appears to have a good prognosis with standard treatment. In the evaluation of this syndrome, providers should have a low threshold for CT or MRI imaging to identify occult tumors. Both oophorectomy and cystectomy appear to be acceptable surgical treatment options, depending upon the characteristics of the tumor and the desires of the patient and provider. Long-term immunosuppressive therapy may be warranted given the potential for symptomatic relapse as with our patient. Given the rarity and complexity of this disease process, a multidisciplinary team approach is essential for an optimal outcome in the treatment of patients with opsoclonus-ataxia syndrome.
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